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EXPERIMENTS CN n-MESON PRODUCTION

) J. C. Peng
Los Alamos National Laboratory, Los Alamos, NM 87545

ABSTRACT

Following a review of some highlights of n-meson characteris-
tics, the status of n-meson production experimants is review.d. The
physics motivations and first results of two LAMPF experiments on

(7,n) reactions are discussed. Possible future experiments are also
discusesed.

1. INTRODUCTION

The existence of several meson factories has greatly advanced
our hnewledge of nion-nucleua interactions. At the same time, the
relatively low intensity kaon beams from several proton-synchrotron
acce .erators have also provided a first glance at tke kaon-nucleus
and hy eron-nucleus interactions. In contrast. the roles of heavy
mesons (1, w, p, O, etc.) in nuclear physics have received little
attention .~ to now. Very little information exists on the interac-
tion between these heavy mesons with nucleons, and almost nothing 1is
known ahout their interactions with nuclei. Some of the motivations
for studying these heavy mesons, in the context of medium energy
nuclear physics, are the following: Tirst, the microscopic struc-
tures of these mesons are distinct from those of the more familiar
pions and kaons. A comparative study of the response of these vari-
ous meson:r in the nuclear environment could reveal phenomena which
can only be understood by 'he subatomic (quark and gluon) degrees of
freedom. Second, the heavy mesons are responsible for nuclear forces
at intermediate and short distances in the conventional One Boson
Exchange (OBE) mondels. The advent of QCD advocates explicit cousid-
eration o. quarks and glucns at such short distances. A better
knowledge of the nature of heavy mesons in a nuclear medium can help
to reconcile these two apparently different approaches. Third, vari-
ous theoretical models devised ro describe phenomenologies in the
pion-nucleus interaction could be significantly testad by their
ability to describe various aspects in the interactions of heavier
mesong with nuclei.

In this parer. we will discuss sowme n-meson production experi-
ments being pursued at LAMPF. The physics motivations of these ex-
periments and other possible future experiments will be presented.
Some of the physics issues in n-wmeson production are common issues in
the production of all heavy mesons. In this respect, the n-meson
prodvction experiments could serve as a prototype for future studies
of heavy meson production.

We will first summarize briefly some pertinent properties of the
n-magon, The current status of Nn-meson production on proton and on
nuclear targets will then be reviewed. The physics motivations and
some first results of Nn-meson production experiments at LAMPF will be
discussed.



2. HRIGHLIGHTS OF n-MESON PROPERTIES
A. Comparison between N and »°
The n-meson is a pseudoscalar meson classified in the same SU(3)
octet as pions and kaons. Figure | shows that spe N-meson osccupies
the same location in the SU(3) diagram as the * . It is {nstructive
to compare the properties” of the
\{ N-meson with those of the more
«® X familiar ¥ -meaon, as shown in
ik po-m—eee Table 1. Both mesons have the same
/ \\ quantum numbers 85 spin, parity, and
K4 \ charge parity (J°° = 0 '). The major
n \ diffezpnce is in the isospin (I = ]
of = O 2% for ¥, 1 = 0 for n). This differ-
\ v / ence is reflected in their quark wave
“ 4 functions; vhile both ¥ and n heve
N J the uu and dd (they couple to
' noTTTes %o 1 = 0,1) components, only n contains
the ss (it couples to I = 0 only)
component. The conventional wisdom
about strange quarks being more
Fig. 1. SU(3) pseudoscalar massive than the up and down quarks
meson octet diagram. 18 consistent with the fagt that n is
four times heavier than ¥ ., With the
abaence of strong decays, the lifetime of N is relatively long.
Analogous to ¥ , N decays through electromagnetic interactions with
the 2Y emission being the most dominant channel. however, the larger
available phase space leads to a storter lifetime for n, as well as a
larger variety of decay channels,

Table I. Coupariaon between N and 7" mesons

————

n “O
JPC 0-+ o-+
(1,1z) (0,0) (1,0)
Quark w.f. (uu+dd-288) /76 (uua-dd)/v2
Mass 548.8 MeV 134,9 MeV
Mean 1ife 0.75 x 10748 sec 0.83 x 10716 gac
B.R. of 2Y decay 39% 98.82

-— — — ——— ——— ———— — ——— — . __________

B. Quark Contents of n

The quark wave function of n listed in Tsble I is for a pure
SU(3) meson octet. As SU(3) is only an approximste symmetry, the
physically observed N-meson is a mixture of Tg and N which are the
SU(3) octat and singlet states:

n = ng cos Gp - sin Gp



n° = ng sin 9p + 1N, cos ep (1)
1 - - 1 - -
N = — (vu +dd - 288) , N, = —_ (uu + dd + s8)
8 7 '

The pseudoscalar meson nixing angle 6 1ig determined to be about -10°
Zrom tgg Gell-Mann-0Okubo“ mass fornulg, and also fiom the comparizon-
of T(v" + 2Y) with T(n + 2v),

A further ccuwplication arises fro% iscspin-violating inter-
actions 2ausing mixing between N and n ., gnlitz and Von Hippel
estimate” the mixing angle 1,0 to be 0.61 from the following rela-
tion:

Apr® = 371/2(n20 - n2+ + n2+ - n20)/(n20 - wl)

Gross et al.’ also relate this mixing angle to the mass difference of
the up and down quarks:

sin Anﬂo - 31/2(md - nu)/loms

The obgervation of the ¥(3685) + “o* decay was considered6 evidence
of N-7" mixing. Cutkosky suggested’ that a careful measurement of
the " p charge exchange reaction around the n threshold could
identify effects due to this wmixing. It remains an interesting and
challenging task to investigate the n-7" mixing.

In principle, the N-meson can ilso contain charm quarks Ehrough
the mixing between N and "c‘ Indeed, this mixing was invoked® to
explain the anomalously large branching of the ¥ (3685) + yn decay
(B.R, = 2,8 % 0,6%).

Although the exsct quark Table II.

N decay modes
contents of N are still

somewhat uncertain, it cen =

be cnncluded that ™ contains c:::::l Praction

uu, dd, ss, and pc.sibly cc, v (39.0 £0.8 )%

with 88 being the most domi- 3giv (1.8 1 0.8 )2

nant component., "tate® (237 ¢ 0908
"y &, t 0.

C. Decay Modes of n ey : mgét &:3%

Table 71 lhoYs the most vy (3.1 204 ) =107

recent tsbulation’' of the T §<2.5 9 ; .15

branching ratios of varicus -:-3‘.' ( 0,13 £ 0.1

decay modes of the n-meson. vy (<0.21 o

Although the n-meson is suf- Y ::gls ;z"o

ficiently massive to decay a:;u' (<5' y x 108

into three pions, the n + 3= WOUE (<5 ) * 1078
LTI (<3 ) » 10

decay vioiates C-parity and
p!'OCQQdI via olectromlgnetic N I T =y Loy,
interaction. The 0 + 27

decay is both P and CP violated. The n + 2Y and n + 3n decays are
the two most dominant electromagnetic decay channels. As N is a
self-conjugate particle, the decay of n provides an interesting test
ground for searching for possible charge-conjugation (C) violation in
clcctiomagnogic interactions. 1In particullg.oany differinge between
the " and 7 energy spectra in the N + " 7 7 gand n + 7' n y decays



would be good evidence of C~violaticn. 1In fact, early experinentsg
did show some evidence of C—vi'lation; hYBevet, these early results
were not supported by later experiments. More accurate experi-
ments would be worthwhile for settling this important issue.

It appeares that there is goom for improvement on several n-decay
modes. For example, the n + % YY decay wti thought to have a
b-arching of 3% until a recent experiment®' ghowed that the branc?ing
1s only 0.1%. The upper limit of the n + v*s~ 1g only determined
at 0.15%, and the n + e*e™ decay'’ has not been observed yet.

D. "N Scattering Length and Coupling Constant

Our current knowledge about the N-nucleon interaction is very
limited. One can mske a simple observation that, unlike the 7N sys-
tem which couples to both the and N resonances, the NN system
only couples to the I = 1/2, N resonances., Several N resonances
actually have "N as an important decsy chanuel, as shown" in
Table III.

Table 1II1. Coupling between N* and "N
P

Resonance J Lotag NN Branching

N" (1440) 1/2* P, 8-18%

N*(1535) 1/27 S13 ~35%

N (1710) 1/2* P ~25%
e ____ e e R I Ny

The " p * ™ and the K p + nA reactions have been analyzedlb to
deduce the NN and A interactions. 1In particular, the scattering
length has been calculated and the possibility of "N bound osa
resonant states was discussed. In a K-matrix analysis, Tuan"~ calcu-
lated th?an scattering length to be a = 0,83 + 10,05 fm. Ehalerao
and Liu, using an i3obar mode]l to analyze all available " p + ™n
data, obtained very recently an "N scattering length of
a = 0,28 + 10.19 fm. 1In both analyses, an attractive interaction be-
tween N and nucleon is deduced. This siigation is distinct from that
of the low energy TN and KN interaction, where gcattering lengths
imply a repulsive interaction.

One quantity relevant to the strength of the nN interaction is
the coupling constent G, . Several methods have been used to deter-~
mine the magnitude of Gpnn. In the SU(3) model, G is related t?6
the well determined "N coupling constant CuNN Chro;gu the relation

Gy ™ 3-1/261NN(3"4°) ; a=0D/(D + F) (2)

where a is the fraision of D-type SU(3) octet coupling. From hyperon
decay experiments, 0 is determined to be between 0.60 and 0.66.
This gives a value of G% /G% between 0.043 and 0.12. Another
method used to deternine"ﬂn N¥s from the ratio of the Back-lngle
cross sectigns of the renctfgna *p + ™ and mp + *°nl® (or Kp + nA
and X'p + ® A). 1f one assumes that the backward-produced N and *
in thesa reactions are domsnatad by nucleon exchange, then

G%NN/G%NN = o(v",n)/a(n", "), This method givesr a value of 0.18 to



0.45 for G%NNlcsﬂﬂ' Finally, from the fit to low energy nucleon-
nucleon szattering data in the One Bosou Exchange model, the NN cou-
pling consttgt is given as G%NN/03 = 0.29 in the most recent
tabulation. It can be summarized that G is not vet well deter-
mined. However, all evidence so far points to a significantly weaker
NN coupling than the *N coupling.

It is also of interest to examine the role of N-meson in nuclear
force. In the One Boson Exchange model, the n-meson can contribute
to the spin-spin interaction and tensor force

Volr) = 0) * 0 Vo(r) + Sy, Va(r) 3)

As a result of the large mass of N and the small NN coupling, the
contribution of n-nison exchange in the NN force is small and not
clearly identified. A :igilar situation has also biin found in the
hyperon-nucleon interaction“’ and the SN interaction. It appears
that the n—meson plays a rather insignificant role in the OBE model
to account for nuclear forces,

3. Nn-MESON PRODUCTION ON PROCTON AND NUCLEAR TARGETS

A. The " p + "mn Reaction
Table IV 1ists the thresh-~ Table IV. Elemeutary prcresses for

old energies for various pro- n—production

fectiles to produce n-mesons on = ===
proton. The proton-induced Reaction Threshold
n-production involves three- —_—
body final states waking it not P *P *N+p+p 1982 MeV/c
so desirable experimentally, T 4p+nN+n 686 MeV/c
The kaon-induced reaction -

suffers from the low beam in- K +p>n+ A 719 MeV/c
tensity and a small) cross sec- Y +p>n+p 710 MeV/c

tion. A more favorable reac- —
tion for nN-meson production is '

the T_p *+ ™ reaction. As shown in Fig. 2, the integrated cross sec-
tion of this reaction rises rapidl, once the pion momentum is above
the threshold, reaching a maximsl cross section of 3 mb around 800
MeV/c before fslling gradually as the pion momentum further in-
creases,

Figure 3 showszzhag at energies slightly above threshold the an-
gular distributions“’*“” of the (m,n) resction are nearly isotropic,
reflecting the dominance of S-wave production near threshold. The
coupling to the N (1535) Sl11 igsonance is responsible for this s-wave
dominance. A recent analysis using an off-shell isobar model gives
an excellent description of the ™ p + "mn differential cross sections.

B. n-Meson Production on Nuclear Targets

There exist only a few nN-meson prodggta?n experiments on nuclear
targets. About half u dozen experiments<®*“’ of the (W,n) reaction
on nuclear taryets have beern reported so far. These experiments all
have the common features that very high energy pion beams were used
to measure inclusive (7,n) cross sections. No attempts to measure
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Fig. 3. Angular distributions of the " p + ™n reaction from
Refs. 24 and 25.

discrete nuclear states have been made. Figure 4 shows the inclusive
cTross aectionzgo/dt(ﬂ-,n) on a number of nuclear targets measured by
Guisan et al. The shape of the differential cross section does not
vary noticeably with the target wass. However, the magnitude of the
cross section increases steadily with the target asss., From this
mass dependence, the NN total cross section g(nN) can be deduced.
This method has also been used to determine?’ the total cross sec-
tions of other short-lived mesons such as p, w, and £, Figure 5 shows
a tabulation of O, (7N) determined from tha cxinting N-production ex-
periments on nuclei. the NN total cross sections are observed to be
significantly smaller than the ¥N cross section (dashed curve), but

in rather good ggrcenent with thr prediction of additive quark model
{molid curve):
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The back-angle cross section of a proton-induced n-producsbog
reaction pd + 34en has been measured at several beam energles.“”? 0
Figure 6 shows that the back-angle cross section increaces at lower

beam energies. In fact, the three low energy data points were mea-
sured below the pp + ppn threshold.
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4. (m,n) EXPERIMENTS AT LAMPF

In this section we will discuss two LAMPF proposals31’32 on
(7,n) reactions. The physics motivations and some first results of
these experiments will be presented.

A. Physics Motivations 4

There are several ways to look at the (7 ,n) reactious on
nuclei. First, they can be viewed as a rharge exchange reaction
similar to the (17,7 ) or (p,n) reactiors. Indeed, from the simi-
lagity between 7 and n discussed earlier, it is plausigleothat the
(n"7,n) reactions could bear soge Sesemblancis to the (n7,n)
reactions. However, unlike (77,7 ), the (7",n) reactions involve two
particles belonging to different isgspin multiplets. Therefore, the
charge—exchange+.eshanism in the (v",n) reaction could be diffegent
from that of (77,7 ). Another important distinction between (7 ,n)
and the ugual charge-exchange reactions is the large mass difference
between T~ and N, which implies a relatively large momentum transfer
(~250 MeV/c) even at small reaction gngles. In vie! og the similar-
ities and differences between the (® ,n) and the (7 ,7") reactions,
it woyld be interesting to compare (7 ,n) data with the extensive
(n=,7) dati already obtained at LAMPF,

The (77,n) reactions can also be Ssnsidered3?s coherent produc-
tion of the n-meson, analogous to pion~~ or kaon ' coherent
productions. A study of the coherent n-production mechanism might
shed some light on the prgglem of coherent W-product&pn, especially
below the free threshcld. The threshold of the (% ,n) reactions is
significantly lowered on nuclear targets. As an example, the thresh-
old of the 3He("™,n)t reaction is 583 MeV/c, more than 100 MeV/c




lower than the free threshold. An interesting feature of the (m,n)
reaction is shown in Fig. 2. The (W,N) cross section rises rapidly
toward the maximal value once the pion momentum is above the
threshold. This "step function” behavior implies a very sensitive
dependence of the subthreshoid n-production yield on the momentum
distribution of nucleoas in wuclei. Therefore, the subthreshold
(7,n) reaction could be a sensitive tool to measure the high energy
tail of the nucleon momentum distribution.

Another important feature of the (77, n) reactions is thut the
appearance of N in the exit channel should provide information about
the N-nucleus interaction, which is unknown at present. The
N-nucleus distortion in the exit channel should affect the shkape and
magnitude of the differential cross sections, and a quantitative
analysis should lead to useful information _ about this interaction.

While it would be most exciting if (¥ ,n) reactions can populate
selectively some difs~rete states (such as IAS in the (ﬂ+,n) reac-—
tion), it would be very interesting nevertheless to study the inclu-
sive n-production as a function of pion momentym and target mass.
The rather energetic pions required for the (77 ,n) reactions have
long mean-free-paths and can probe not only the nuclear surface, but
also the nuclear interior. From the mass dependence of the inclusive
(7,n) cross section, one expects tc extract NN total croes section.

B. Proposed (7%,n) Measurements at LAMPF

At the LAMPF P° channel, a pion beam up to ~750 MeV/c3 about
60 MeV/c above the (m,n) free threshold, can be delivered. This
limits the (7,n) reaction to be studied near the free threshold or at
subthreshold. Fortunately, the peaking of the (7m,n) cross section
near the threshold energy and the interest of studying subthreshold
(7,n) mechanisms make this limitation unimportant. The ™ flux at
The P3 channel drops rapidly toward high momentum (105/sec for
700 MeV/c 7 beam). Fortunately, the more intense 7" beam can be
uied for n-production on nuclear targets through the prccess
*'n + np. In addition, the flux improves rapidly for the lower
energy pions used for subthreshold STpeximents.

o In the firss (m,n) experiment, we will use the existing LAMPF
T —-gpectrometer to measure the two energetic gammas gmitted by
n-mesons, and the Large Accep:ance Spectrometer (LAS)3 to measure
the tritons emitted in the 3He(™ ,n)t reaction. The TR_* ™ reac-
tion, whicl has been measured at other laboratories, 4,z will be
used to optimize the nN-detection system and the characteristics of
the P3 beam line at this relatively high momentum.

We plan to measure angular distributions of the SHe(n™,n)t and
the 7Li(n*,n)7Be reactions. The 3He("™,n)t reaction has the advan-
tage that the triton ground state can be resolved from the continuum
because of a 5 MeV gap between tham. Furthermore, a complete angular
distribution can be obtained by measuring the recoiling triton with
the LAS ggectrometers. Figure 7 shows a DWIA pgedicgion by Liu and
Bhalerao”’ on the angular distributions of the °He(™ ,n)t reaction,
Both momenta chosen in the calculations are below the free threshold.
The back angle czBss sections are predicted t> be sensitive to the
pion phase shift “ used in the input.
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We also propose tn set the ﬂo-spectrometer at 0° to survey the
(ﬂ+,n) reaction on a number of targets ranging from L1 to 120g,,
The selectivity, the mass dependence, and the energy dependence of
the (ﬂ+,n) reaction should be revealed in these measurements.

In the second (7,n) experiment, we plan to construct an nN-spec-
trometer and concentrate on measuring the inclusive (7m,n) cross sec-
tion on target ranging from deuterium to Ge. The n-spectrometer is
identical to the existing LAMPF 7T spectrometer in terms of the
principles of operation. Hcwever, we propose to use Nal crystals for
the converters and the total absorption counters. This allows us to
have a compact spectrometer wgth roughly the same overall acceptance
in solid angle as the LAMPF m gpectrometer. In addition, the Nal
total absorption counters act independently as high resolution gamma
ray detectors,

C. Results of a First (7,n) Test Run
An initlal experiment®™ to measure the (7,n) reaction was per-
formed at the P3W channel for three days in September 1984. The

*participants: J. E. Simmons, N. Stein, J. Kapustinsky,
D. H. Fitzgerald, T. K. L1, and J. C. Peng.



purpose of this short run was to measura pion flux at relatively high
momentum (~700 MeV/c) at the P3 channel, and to observe the (m,n)
reactions for the first time at LAMPF, The experimental setup is
shown schematically in Fig. 8. The Sl scintillator is placed in the

Fig. 8. Experimental setup for the (m,n) test run.

beam to count the incident pions and to provide a start signal for
the neutron time-of-flight., Four setsoof EGO gounters, each a

3-in % 6-in cylinder, are placed at 50 and 70 with respect to the
beam direction to measure the coincident gamma rays emitted in the

n + 2Y decay. Four sets of scintillation counters placed 4 meters
from the target detect neutrons from the ™ + p *+ n + N rerctfon,

The target is surrounded by six scintillation counters vetc.i, even:is
accompanied by charged-particle emission,

From the difference of the CH, and carbon target measurements,
the ™ + p * N + n reection was measured at 705 MeV/c %~ incident mo-
mentum. In addition, inclusive n-meson production was also obhserved
for 7" on !2¢ target at both 705 MeV/c and 670 MeV/c, the latter mo-
mentum being below the free threshold.

With 0.5 mA proton current and a 1% momentum acceptance in the
pd channel, the 7 flux on S! is measured to be 0.5 X 105/sec and
3 x 103/sec, respectively, at 705 MeV/c and 670 MeV/c. This is in
reasonz?le agreement with the extrapolation on previous measure-
ments,



_ Figure 9 shows the neutron TOF spectrum obtained with 705 MeV/c
T beam on hydrogen (CHz-C). Four peaks are clearly visible in the
spectrum. The peak at the shortest flight time is due to gamma
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F'g. 9. Time-of-flight spéctrum of the neutron counters.
705 MeV/c T~ beam on proton.

flashes. They are attributed mainly tc n° produced in the p(ﬂ',ﬂo)n
reaction. The peak next to the gamma flash corresponds to neutrons
coming from the p(7 ,n)T reaction, Finally, the two remaining peaks
are identified, from the flight time, as neutrons emitted in the

T 4+ p +n + Nnreaction. These two peaks correspond to neutrons
produced, respectively, at forward and backward angle in the center
of mnass system. Preliminary results obtained for theocross section
of the p(7" ,n)y reaction are 88 ub/sr (8, = (n) = 1447) and 86 ub/sr
(ec n gn) = 25°). This 18 in good agreement with previous measure-
mentst? at similar "~ beam energy.

Evidence of n-production has also been observed with the BGO
counters, The n + 2Y decays are charactarized by a coincidence of
two energetic gamma rays (E t > 600 MeV) hitting the left arm
(B1,B2) and the right arm (ig.BA) of the BGO detecting system. In-
variant mass can be constructed for each of the four left-right pairs
of BGO counters. Figure 10 shows the invariant mass plots for
705 MeV/c "~ on CH, target. The presence of nN-meson is clearly
observed in these plots, with the exception of the plot for datectors
B2,B3 which subtend too uma%l an opening angle. (The sinimal opeuing
angle for 100 MeV n is ~115", while B2,B3 subtend ~100 ,) With this
relatively simple gamma-ray detector system, a total of ~500 n events
have been identified with ~7 hours of %~ beawn.
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Fig. 10. Invariart mass plots for the four left-right pairs of

BGO counters. 705 MeV/c T beam on CH, target.

The n-production on carbon targets with 705 MeV/r and 670 MeV/c
T~ beam has also been observed with the BGO counters. Preliminary
results indicate that at 705 MeV/c the n-production rate on 12¢
target is a factor of 3 lower than on hydrogen target. If this re-
sult is confirmed by further analysia and experiments, it could 1imply
a rather strong absorption of Nn-meson in nucleus at this energy.
This is somewhat surprising since the n-nucleon coupling constant was
predicted to be much weaker than the T-nuclcon %oa9llng conatant.
Furthermore, inclusive (m,n) reaction measured2 ’ at higher pion
momenta show the cross section to increase monotonically with target
mass. Another preliminary result obtained in this experiment is that

the n-production rate on '2C at $70 MeV/c (subthreshold) is only a
factor of two lower than at 705 MeV/c.



5. FUTURE PROSPECTS

From the results of the two LAMPF (¥,n) experiments, scheduled
te run in the near future, we will he able to judge the full poten-
tial of the (w,n) program at LAHKE. We will discuss in the followving
some possible future experiments “ on n-meson physics.

As discussed earlier, very poor experimental limits exist on the
N+ 71 and N + e’e” decay modes. To improve on the sccuracy of
these decay modes, one needs a more elaborate neutron detector system
to tag on the production of N (from the W p + nn reaction). One im-
portant feature of the T p + ™ reaction near threshold energy ls
that neutrons are emitted in a small forward cone in the lab system.
With a 25" x 25" neutron detection system and a 20 cm liquid hydrogen
target, an N tagging rate of 2 % 10“/hcur ca: be obtained.

One interesting fea-
ture of the " p + "n re-
action (or the ™ + np
reaction) is that n can
200 F Ty = an B be produced nearly
Buin) = 0 recoillessly. Fi re 11l
shows the momentum of n
when _a neutron 1is emitted
at 0. The N momentum is
in general small and the
100 + . condition of recoilless
production of n is in
fact reached at 900
MeV/c. Therefore, it
appears that the (7 ,n)

N ) 1 . or the (1% p) reaction on
° 700 800 900 1000 1100 200 @ nuclear target could be

- N used to search for any
Pis () (MeV/c) bound or resonant n-

nuclear states. For such
Fig. 11. Momentum of the n meson st.ites to exisr" the nN=-

produced in the " p + ™ reaction, with nucleus interaction has
neutron detected at 0 , to be sufficiently

attractive and, further-

more, the lifetime of n in a nucleus ca?zoisbe too short. It is en-
couraging that the NN scattering leugth' ™' indicate: an attractive
NN interaction.

A comparison of the 7~ + e + n + t raaction with the
m™ 4+t + n+ 3He reacticn could provide interesting jsnformation on
the isospin-mixing of n, If n is in a pure I = O state, the exit
channels can only couple to I = 1/2 and the cross section of theae
two reactions should be identical (after the correction of Coulomb
interaction in the entrance channels)., However, if n acquires an
I = | component through isospin mixing, the cross section of thase
two reactions could be different enough to be observed.

High energy pions can also be uleq to produce other heavy
mesons., The integrated cross sectinns 3 of the binary reactions
Tp + Pnand " p + N°n are shown in Fig. 12. It is clear that higher
energy machines, suct as the proposed kaon factories, are required to

P(n) (MeV/c)
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provide

intense high energy pion beams, We believe that the study of

short-lived heavy mesons is one of the many important sulLjects to be

pursued

at such accelerators.
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